Four experiments evaluated the efficacy of Na or Cl or their combination added to weanling pig diets that contained plasma protein and lactose on pig performance and N digestibility. The four experiments used a total of 563 crossbred pigs weaned at 22 ± 1 d of age averaging 6.4 kg body weight. The basal diet in each experiment contained 5.8% plasma protein and 20% lactose and analyzed .20% Na and .23% Cl. In Exp. 1, NaCl was added to treatment diets at 0, .20, .40, or .60%. The trial was conducted for a 21 d period in a randomized complete block (RCB) design in seven replicates. Improved growth rates (P < .01) and gain:feed ratios (P < .01) occurred up to a dietary salt level of .40%. In Exp. 2, we evaluated the interaction of Na and Cl on pig performance. The experiment was a 2 × 2 factorial arrangement in a RCB design conducted in seven replicates. Total dietary Na was .20 or .36%, and Cl was included at .25 or .45%. Although there was a numerical increase in pig gains with added Na, the response was not significant (P > .15), but both gains (P < .01) and gain:feed ratios (P < .01) increased at the higher dietary Cl level. In Exp. 3, we evaluated the effect of five dietary levels of Cl added at .06% incre-
Introduction
Our previous results demonstrated a growth and feed efficiency response during the initial 14 d postweaning when NaCl was added to diets that contained dried whey (Mahan et al., 1996) . That report also demon-1 Salaries and research support were provided by State and Federal funds appropriated to the Ohio Agric. Res. and Dev. Center and The Ohio State Univ. 2 Partial support for these experiments were provided from American Protein Corp., Ames, IA.
Received October 5, 1998 . Accepted May 12, 1999 3016 ments to a basal diet that analyzed .34% Na and .20% Cl on postweaning pig performance. The experiment was a RCB design conducted in eight replicates. A growth response (P < .01) to the .38% Cl level occurred during the initial 14-d postweaning period and to the .32% Cl level from 14 to 21 d. Gain:feed ratio increased each week with added Cl, but it was significant only for the period from d 0 to 7 d (P < .01). A N digestibility trial, using the diets of Exp. 3, constituted Exp. 4, and groups of three pigs per stainless steel metabolism crate were pair-fed to pigs fed the basal diet. The experiment was a RCB design conducted in three replicates over a 3-wk period. The results demonstrated a weekly decrease in fecal N (P < .01), no effect on urinary N (P < .15), improved N retention (P < .01), and an improved apparent N digestibility (P < .01) to the .38% dietary Cl concentration during the initial 2 wk postweaning. These experiments suggest that although plasma protein contributed Na and Cl to the initial diets of weaned pigs, additional Na and Cl, but particularly Cl, improved pig growth, N retention, and N digestibility. The results suggest a dietary minimum of .38% total Cl level during the initial 2 wk postweaning.
strated that, although some of the response was from Na, the greater response was from the Cl contribution. Although many changes occur in the gastrointestinal tract of pigs from weaning to the grower period, most scientific reports have concentrated on the small and large intestine's role in the digestion and absorption of nutrients. There are, however, many physiological 3 Appreciation is expressed to K. Mays for data collection, F. Cihla and the R.E.A.L. (Wooster) for laboratory analyses of minerals, and D. Gallagher for typing the tables. 4 To whom correspondence should be addressed: Anim. Sci. Dept., Room 205 Plumb Hall, The Ohio State Univ., 2027 Coffey Road. changes that also occur in the stomach that may affect subsequent digestive capability. Lindemann et al. (1986) demonstrated that the weight of the stomach and gastric mucosa increased relative to total body weight within 2 wk postweaning, probably reflecting the higher dry matter intake and longer retention times of cereal grain-based diets. Kidder and Manners (1978) and Cranwell et al. (1976) demonstrated that HCl secretion in the stomach increased until pigs were 5 to 8 wk of age and that the presence of lactic acid inhibited the secretion of HCl. Dried whey contains approximately 80% lactose, which influences the growth of Lactobacilli spp. and, therefore, the production of lactic acid in the stomach. The growth response to supplemental dried whey may be influenced by the lactose, milk proteins, and Na and Cl contributions. Dietary lactose or simple carbohydrate sources have enhanced feed intakes of weaned pigs (Lepine et al., 1991; Mahan, 1992) .
Because many of the initial diets fed to weanling pigs contain plasma protein, which has a relatively high Na and Cl content, its inclusion may meet the pigs' requirement for these nutrients. Our experiments were conducted with 21-d-old pigs to evaluate whether added Na or Cl is needed during the initial weeks postweaning when diets contain plasma protein and lactose but are devoid of dried whey.
Materials and Methods
General. Four experiments were conducted using a total of 563 ([Yorkshire × Landrace] × Duroc) pigs weaned at 22 ± 1 d of age to evaluate the effects of added Na and(or) Cl on pig performance and N digestibility responses during the initial 3 wk postweaning. In Exp. 1, 2, and 3, pigs were housed in double-decked nursery pens with rubber-coated, expanded metal floors and a solid fiberglass pad (50% floor surface area). Each pen measured 1.2 × 1.2 m and contained one nipple-waterer and a five-hole self-feeder. Rooms were environmentally controlled with temperature initially established at approximately 28°C and adjusted downward as needed to maintain pigs' comfort. Pigs were not creepfed prior to weaning. After placement in their nursery pens, pigs were provided ad libitum access to their treatment diets (Table 1) for a 21-d experimental period; feed wastage was collected and weighed. Diets were provided in meal form. Experiment 1. This experiment was conducted to evaluate the effect of adding NaCl to the initial diet with added plasma protein and lactose. Diets were formulated to a 1.40% lysine concentration using corn and soybean protein sources in addition to the inclusion of plasma protein at 5.80% and lactose at 20%. Salt (NaCl) was added to treatment diets in increments of .20% ranging from 0 to .60% at the expense of cornstarch. All other nutrients met or exceeded NRC (1988) requirements. The experiment was a randomized complete block (RCB) design conducted in seven replicates during three time periods. A total of 168 weaned pigs, which weighed an average 6.51 kg BW, were allotted by weight, sex, and litter to the treatment diets with six pigs per pen. Pig weights and feed intakes were determined weekly.
Experiment 2. Because of the improved growth response to the added salt in Exp. 1, this experiment evaluated the interaction effect of dietary Na and Cl. The experiment was a 2 × 2 factorial arrangement of treatments in a RCB design, conducted in seven replicates over three time periods. The basal diet of Exp. 1 contained .20% Na and .25% Cl by analysis. The treatment diets of this experiment contained .34% Na (.14% supplemental Na as sodium phosphate; 32% Na and 21% P) and .45% Cl (.20% supplemental Cl from a 1:1 [vol:vol] HCl solution, 20% Cl); both supplemental sources were added at the expense of cornstarch. A total of 140 pigs, which weighed an average 6.50 kg BW, were allotted on the basis of weight, sex, and litter at five pigs per pen. Pig weights and feed intakes were collected weekly for the 21-d experimental period.
Experiment 3. Because the growth response in Exp.
2 was primarily from dietary Cl, this experiment evaluated the effects of added Cl in the form of dilute HCl added at dietary increments of .06% Cl at the expense of cornstarch. All diets maintained a dietary Na concentration that was analyzed at .34%. The experiment was conducted in a RCB design in eight replicates over three time periods. A total of 210 pigs were allotted at five to six pigs per pen, an equal number were allotted to the treatment pens within each replicate. Pig weights and feed intakes were collected at weekly intervals during a 21-d experimental period.
Experiment 4. Because of growth and feed efficiency responses to added Cl in Exp. 3, this experiment was conducted to evaluate whether dietary Cl would improve N retention and apparent N digestibility. The experimental design and treatment diets were the same as in Exp. 3. A total of 45 pigs were placed in groups of three in 1.12-× .50-m stainless steel metabolism crates immediately upon weaning in three replicates. Pigs were allotted by weight, sex, and litter at two time periods. Pigs were offered their treatment diet on an ad libitum basis for the initial 2 d postweaning period from a three-hole polyethylene self-feeder located at one end of the pen. From 2 to 21 d, daily feed intake was controlled such that the pigs fed the basal diet were allotted their feed on an ad libitum basis, whereupon the other treatment pens were fed their daily feed allotments based on the previous day's feed consumption of the pigs consuming the basal diet within each replicate. Water was provided in a 2-L nipple waterer located midway along the side of the pen, and fresh water was added as needed. From d 2 to 7, 8 to 14, and 14 to 21, total feces were collected, pooled for each weekly period, and frozen. Urine was directed to a plastic container containing 4 N H 2 SO 4 through a funnel lined with glass wool. Each day, the urine was diluted to a constant volume. A 100-mL aliquot was collected, pooled within each collection period, and frozen. After completion of the study, the urine from each pen and weekly collection period was cleaned of residue by passing through glass wool, whereupon it was analyzed for N. The feces were thawed, weighed, and mixed in a Hobart Mixer (Hobart, Model A120, Troy, OH), and two homogenous samples were collected in a Petri dish, sealed to prevent moisture loss, and frozen until analyzed for N and dry matter.
Analyses. The basal diets of Exp. 1, 2, and 3 were analyzed for their Na and K contents using the inductively coupled photometer method after being wetashed in perchloric and nitric acid (AOAC, 1995) . Chloride was analyzed using a chloridometer (Model 4-2008, Buchler-Cotleve, Saddle Brook, NJ) using the method outlined by AOAC (1995) . Nitrogen analyses of diets, feces, and urine were conducted in duplicate using a nitrogen analyzer (Perkin-Elmer, Model 2410, Norwalk, CT), and dry matters of diets and feces were determined after heating in a drying oven (100°C) for 12 h (AOAC, 1995) .
All performance and digestibility data were analyzed as outlined by Steel and Torrie (1980) using the statistical analysis procedures for the design of each experiment with the GLM procedures of SAS (1985) . Because the performance and digestibility studies were conducted at different experimental periods, the period effect was incorporated into the statistical model but then pooled because it was not significant (P > .15). The three measurement or weekly periods for the digestibility data, however, reflected pig age and were incorporated into the statistical model. The composited data from the pen or digestion crate were considered the experimental unit. Table 2 . The basal diet analyzed .20% Na and .25% Cl. Although gains during the periods from d 0 to 7 and 7 to 14 increased linearly (P < .01) as dietary NaCl level increased, there was an apparent plateau at the .40% NaCl level. This was equivalent to a dietary Na and Cl level of .36 and .49%, respectively. During the period from d 14 to 21, pigs fed the basal diet had a numerically lower daily gain than the other treatment groups fed added salt, but the higher response to added NaCl was not significant (P > .15). Feed intakes did not differ during each weekly period for the various treatment groups. There was a quadratic improvement (P < .01) in gain:feed ratio during wk 1 and 2 but not during wk 3. The most dramatic feed efficiency response occurred at the first increment of added salt.
Results

Experiment 1. The effect of adding NaCl to the initial diet of 21-d-old pigs is presented in
Experiment 2. Sodium and Cl were evaluated independently. The daily gain response during the periods from d 0 to 7 (P < .01), 7 to 14 (P < .01), and 14 to 21 (P < .05) resulted in increased daily gains when dietary Cl increased to .45% (Table 3) . Although there was a small numerical increase in daily gains during the initial 2-wk postweaning period when Na was added to the diet, the response was not significant (P > .15), nor was there a daily gain interaction response between Na and Cl. There was no effect (P > .15) in feed intake as dietary Cl or Na increased, nor was there an interaction response (P > .15).
Gain:feed ratio increased at each weekly interval when Cl was added to the diet; it was significant from d 0 to 7 (P < .05) and 7 to 14 (P < .01), but not for the period from d 14 to 21 (P > .15).
Experiment 3. Because of the growth response to the added Cl in Exp. 2, this experiment evaluated the effect of increasing dietary Cl concentrations. As dietary Cl increased there was a trend toward higher gains during the period from d 0 to 7 (P < .10) but a significant quadratic increase for the periods from d 7 to 14 (P < .01) and 14 to 21 (P < .01) to .32% Cl level (Table 4) . Feed intake was not affected during the initial 14-d Analyzed values of the basal diet and calculated additions when NaCl (40% Na, 60% Cl) was added at the appropriate treatment level. postweaning period when dietary Cl increased, but a higher feed intake (P < .01) resulted during the period from d 14 to 21.
Experiment 4.
This experiment evaluated the effect of dietary Cl on N retention and apparent N digestibility. The results suggested that as dietary Cl increased, a linear increase (P < .01) in apparent N digestibility occurred during wk 1 and 2 postweaning and a quadratic (P < .05) response during wk 3 (Table 5) . Although this reflected an increase in amino acid absorption, there was no significant improvement (P > .15) in the biological value of absorbed amino acids. There was no effect (P > .15) of dietary Cl on urinary N excretion. Consequently, a quadratic increase (P < .01) in N retention resulted as dietary Cl level increased from d 2 to 7 (P < .01), 7 to 14 (P < .01), and 14 to 21 (P < .05), with Chloride response (P < .01).
d
Chloride response (P < .05).
the magnitude of response being less during the later period postweaning. The improvement of N retention during wk 1 and 2 seemed to reach a plateau at a dietary Cl concentration of approximately .38%, whereas during wk 3 it reached a plateau at approximately .32% Cl, with a possible decline at the dietary .42% Cl concentration.
Discussion
Much of the current improvement in daily gains and feed intakes in many commonly used diets for early weaned pigs can be largely attributed to the dietary inclusion of plasma protein and lactose, the latter component often supplied from dried whey. Analysis of plasma protein used in our experiments revealed a 2.23% Na and a .40% Cl content, suggesting that this feedstuff, could contribute a relatively substantial amount of these two elements to weanling pig's diets. The subsequent analysis of the basal diets, in which 5.8% plasma protein was incorporated, averaged .20% Na and .23% Cl, substantially above the 1988 NRC (.10% Na, .08% Cl) but generally similar to the 1998 NRC (.20% Na, .20% Cl) standards for 5-to 10-kg pigs. In Exp. 1, however, a growth and feed efficiency response occurred in response to the addition of NaCl corresponding to a total dietary concentration of .36% Na and .49% Cl. Subsequent research in Exp. 2 and 3 suggested that most of this response was attributed to the Cl addition, but there was an apparent, but lesser, response to added Na. The consistent improvement in feed efficiency in Exp. 1, 2, and 3 as dietary Cl increased suggests that this nutrient improved protein digestibility. The results of Exp. 4 confirm this suggestion and indicate that a dietary Cl concentration at approximately .38% resulted in increased N retention and an improved apparent digestibility of N. Although more of the amino acids were absorbed, there was no improvement in the biological value of the absorbed amino acids.
The improved performance, N retention, and digestibility of N resulted in more pronounced responses during the initial weeks postweaning with a lesser response during the subsequent period. This suggests that HCl secretion may be initially inadequate in weanling pigs, but our data also suggest that the supplemental need for Cl declines, particularly as pigs approach the grower stage. Supplemental Cl to a dietary concentration of .35 to .40% may, therefore, be necessary during the initial 2 wk postweaning, but the requirement may be similar to the current NRC (1998) standards for the subsequent weeks.
Our previous results had indicated that a corn-soybean meal diet containing dried whey fed to 21-d-old weanling pigs improved their performance, when it had an approximately .50% Cl concentration, which is somewhat higher than the amount for optimum performance attained in this experiment. There may be additional factors in weanling pigs that may influence the secretion and(or) utilization of Cl for activating the pepsinogen enzyme for the subsequent predigestion of dietary proteins in the stomach. The role of various proteins, the complementary effect of Na and Cl content in various feedstuffs, the subsequent effect of Lactobacilli spp., and the chelating or buffering effect of various cations or anions in the stomach may each influence the dietary requirement for these elements. Our results, however, suggest that in most of the initial diets fed to weanling pigs that contain plasma protein or dried whey the dietary requirement for these elements may need to be increased beyond that suggested by NRC (1998).
Implications
Plasma protein contains relatively high levels of Na and Cl, but the addition of plasma protein to the initial postweaning diet may not contribute enough of these elements for weanling pigs during the initial weeks after weaning. A total dietary chloride level of approximately .38% may be essential during the initial 2 wk after weaning for 21-d-old pigs, or from a weight of 5 to 10 kg, and the requirement during subsequent weeks may be reduced.
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